Abstract: Compared to epithelial lesions, spindle-cell lesions of the breast are relatively uncommon and, because of that, may cause diagnostic difficulty. The majority of these spindle cell lesions, such as fibromatosis, nodular fasciitis, spindlecell carcinoma, inflammatory myofibroblatic tumor and angiosarcoma, resemble their more common non-mammary counterparts. A few others, such as pseudoangiomatous stromal hyperplasia for example, specifically arise in breast. This review discusses these mammary spindle cell lesions with a focus on their salient histological features.
INTRODUCTION
Although spindle cell lesions of the breast represent only a small proportion of breast lesions, they encompass a diverse group ranging from reactive to neoplastic, highly malignant processes. Especially with the advent of small needle core biopsy procedures, accurate diagnosis of such spindle lesions can sometimes be quite challenging. Most of them can be appreciated on routine hematoxylin and eosin (H&E)-stained sections; nevertheless, a certain proportion of cases require ancillary studies such as immunohistochemistry (IHC) to arrive at a correct diagnosis. One such example is metaplastic spindle cell carcinoma, which, because of the management implications, is arguably the most important spindle-cell lesion of the breast to recognize. This review focuses on the histologic characteristics of breast lesions that are almost exclusively composed of spindle cells, with emphasis on the pathologic differential diagnosis. Given their unique fibroepithelial nature, fibroadenomas and phyllodes tumors will not be covered.
I. Fibromatosis
Mammary fibromatosis (MF) is a rare entity accounting for less than 0.2% of primary breast tumors [1] . Most cases are sporadic, but others develop after trauma or a surgical procedure; some cases may also be seen in association with familial adenomatous polyposis (FAP) syndrome, an autosomal dominant inherited disease [1] . Like its soft tissue counterpart described extensively in the trunk and the extremities, MF is an infiltrative, locally aggressive but nonmetastasizing lesion with a high propensity for local recurrence [2] . These lesions are often palpable and appear as spiculated, ill-defined masses mammographically that may resemble infiltrative carcinoma.
Similar to fibromatosis elsewhere, the histologic appearance of MF consists of an irregular proliferation of variably [2] . The cellular proliferation may be arranged in interlacing long sweeping fascicles, a storiform pattern, or a herringbone configuration, often with increased cellularity at the periphery. The intervening stroma is variable and can appear myxoid in nature, resembling nodular fasciitis, or more collagenized including florid cases with keloid/tendon-like collagen deposition, hence the other term used to describe fibromatosis, desmoid tumor (the term desmoid is derived from the Greek word desmos, which means tendon-like). The individual lesional cells have indistinct cell borders with pale, eosinophic cytoplasm and oval to elongated nuclei with tapering ends (Fig. 1) . Mitotic figures are inconspicuous or not discernable. Consistent with its presumed myofibroblastic derivation, there is at least focal smooth muscle actin (SMA) expression by IHC in the lesional cells. Like fibromatosis at other sites, nuclear accumulation of -catenin by IHC is present in most cases of MF, both sporadic and familial adenomatous polyposis-associated; [3] nevertheless, lack of nuclear expression does not rule out the diagnosis.
The most important entities often encountered in the differential diagnosis of MF are scar, fibromatosis-like spindle cell carcinoma, and, less likely, sarcoma. The presence of findings commonly seen in association with trauma or surgical intervention; such as hemosiderin deposition, fat necrosis, foamy macrophages, and foreign body giant cells, supports a diagnosis of scar. A fascicular growth pattern and entrapment of breast parenchyma are not common features seen in a scar. However, the distinction of residual fibromatosis from postoperative scar may be extremely difficult and sometimes impossible. Increased cellularity, nuclear pleomorphism, frequent mitoses, and absence of demoid-like foci are generally clues to the diagnosis of a malignant spindle cell tumor. In such cases, IHC stains using a number of epithelial markers, as discussed below, may be required to rule out a metaplastic carcinoma. Pure spindle cell sarcomas are extremely rare in the breast and usually demonstrate hypercellularity, nuclear plemorphism and mitotic activity, including atypical forms. Because of these differential diagnostic considerations, the definitive diagnosis of MF is difficult or impossible in limited biopsy samples and often requires excisional biopsy.
II. Nodular Fasciitis
Nodular fasciitis (NF) is a benign myofibroblastic/fibroblastic proliferation that usually presents as a solitary and rapidly growing mass. It typically affects subcutaneous tissue of the upper extremities in young adults, although it may appear at any site and in any age [4] . While its etiology remains unknown, NF is considered a self-limiting, reactive process rather than a true neoplasm, as its natural history is that of spontaneous involution over a period of several months. Nodular fasciitis is uncommonly seen in the breast but may cause diagnostic difficulties because of its clinical and radiological presentation as a mass lesion and its histologic pseudosarcomatous appearance [2] . Nodular fasciitis may be located in the breast parenchyma, the underlying chest wall or in the adjacent subcutaneous tissue [2] .
The histologic appearance is usually that of a wellcircumscribed but non-encapsulated lesion composed of plump myofibroblasts in its early stage. Mammary ducts and lobules are usually pushed aside and not present within the lesion. The lesional cells may be arranged in short fascicles and whorls resembling fibroblasts grown in tissue culture, and frequently in a zonal distribution with increased cellularity at the periphery (Fig. 2) . The stroma is typically myxoid and may contain microcysts. Mitotic figures may be numerous but there are no atypical forms. There are variably sized nucleoli but nuclear hyperchromasia is absent. Necrosis is not a feature of NF. Other features that are often seen in NF and are helpful for the diagnosis include extravasated erythrocytes, patchy lymphoid infiltrates, and a granulation tissue-like prominent vasculature. Scattered osteoclast-like giant cells may also be present. As the lesion ages, it generally becomes less cellular with variable stromal collagen deposition [2, 4] .
Given its cellularity, mitotic figures and rapid growth, NF (both in the breast and elsewhere) may be mistaken for a malignant spindle cell tumor, especially on needle biopsy. The presence of numerous mitotic figures may be worrisome, but, as noted above, the absence of atypical mitoses, nuclear atypia or cellular pleomorphism, almost invariably present in sarcomas and most metaplastic carcinomas, should help point to the correct diagnosis. The absence of cytokeratin expression is also very helpful in this regard. Another differential diagnostic consideration is fibromatosis. Nodular fasciitis does not have the latter's long, sweeping fascicles. In addition, frequent mitoses are typically found in NF but are not a feature of fibromatosis. It is particularly important to be aware that IHC should be interpreted with caution in this setting. Given the myofibroblastic origin of NF and fibromatosis, both may focally or diffusely express SMA, thus potentially leading to its misdiagnosis as a myofibroblastic or myogenic neoplasm.
III. Spindle Cell Carcinoma
Spindle cell carcinoma refers to a group of invasive carcinomas with a pure or predominant spindle cell component, and is traditionally included within the broader category of metaplastic carcinoma [2, 5] . It comprises less than 1% of all invasive breast carcinomas, but represents a significant diagnostic challenge, especially in needle core biopsy material [6] .
There is a wide spectrum in the histomorphologic appearances of spindle cell carcinoma. The tumor may have a fascicular, storiform, or haphazard growth pattern with infiltrative borders. The tumor cells vary from cytologically bland to highly pleomorphic. These lesions can be largely divided into two groups: biphasic and monophasic [5] . The biphasic tumors consist of both a carcinomatous component and a sarcomatoid component resembling any mesenchymal sarcoma such as fibrosarcoma, chondrosarcoma or osteosarcoma (Fig. 3) . Because of the presence of a carcinomatous component, the diagnosis of such biphasic tumors is relatively straightforward. At the other end of the spectrum are tumors almost exclusively composed of spindle cells (hence termed "monophasic") (Fig. 4) . The lesional cells may also have variable cellular pleomorphism and, rarely, areas of squamous differentiation. In some monophasic tumors, rare/subtle foci of malignant epithelial islands or ductal carcinoma in-situ (DCIS) may be present, providing evidence supporting the epithelial nature of the tumor. One should note, however, that even biphasic tumors can lack an epithelial component in small biopsy specimens, and other spindle cell malignancies, such as malignant phyllodes tumor and sarcomas should also be given serious diagnostic consideration. Fig. (3) . Sarcomatoid carcinoma. This tumor is composed of markedly atypical spindle cells; areas of unequivocal epithelial differentiation were present elsewhere (hematoxylin and eosin, original magnification X200).
Because of the absence or the focal presence of morphological evidence of epithelial differentiation in some cases of spindle cell carcinoma, the immunohistochemical expression of one or more epithelial markers is often needed for diagnosis. In that regard, it is important to note that spindle cell carcinomas may only demonstrate focal (or no) immunoreactivity with antibodies directed against broad spectrum and low molecular weight cytokeratins (such as CAM5.2, AE1/AE3, or CK7 antibodies), and antibodies directed against high molecular weight cytokeratins (such as 34 E12, CK 5/6, and CK14 antibodies) and p63 are often more sensitive in this setting (Fig.  4) [7, 8] . One should also note that, in addition to epithelial markers, spindle cell carcinoma often expresses one or more mesenchymal markers such as vimentin and SMA. The histogenesis of spindle cell carcinoma remains controversial. However, recent immunohistochemical and genomic profiling studies indicate that these tumors are part of the spectrum of basal-like carcinomas and display a myoepithelial or epithelial to mesenchymal transition-like molecular make-up [9] [10] [11] .
A peculiar variant of spindle cell carcinoma is the low grade, fibromatosis-like carcinoma. This is predominantly or almost completely composed of bland spindle cells [12, 13] , and may either arise de novo or in association with a variety of benign fibrosclerotic lesions. Low grade, fibromatosis-like carcimoma has a favorable prognosis. Histologically, lesional cells closely resemble reactive fibroblasts (Fig. 4) such as those seen in fibromatosis and the diagnosis is usually dependant on the expression of cytokeratin or p63.
Given that the differential diagnosis of spindle cell carcinoma can potentially include any lesion with spindle cell morphology, any spindle cell lesion of the breast should be regarded as spindle cell carcinoma until proved otherwise, especially on needle core biopsy [14] . 
IV. Pseudoangiomatous Stromal Hyperplasia
Pseudoangiomatous stromal hyperplasia (PASH; also known as pseudoangiomatous hyperplasia of mammary stroma) is commonly an incidental microscopic finding in breast biopsies, but may present as nodular, palpable or mammographic mass lesions. The pathogenesis of PASH remains unclear, however, a hormonal etiology has been suggested. This is supported by the fact that PASH is common in men with gynecomastia, women during pregnancy, and older women on hormonal replacement therapy [15] . This lesion is characterized by the presence of dense collagenous, keloid-like stroma separated by slit-like, interanastomosing spaces lined by a single layer of flat spindle cells (or occasionally no cells) simulating vascular channels (Fig. 5) . The term "pseudoangiomatous" was proposed to emphasize this histologic pattern, and the nonangioformative nature of the lesion. The proliferation of stromal elements is commonly intermixed with ducts or lobules. The space-lining spindle cells usually have a bland cytology but in more cellular examples of PASH may have a more plump appearance obscuring the pseudoangiomatous nature of the lesion. Component cells are also thought to be of fibroblastic/myofibroblastic origin as they are consistently immunoreactive with CD34 and SMA but negative for CD31 and factor VIII related antigen [15, 16] . In fact, the myofibroblasts may occasionally aggregate into fascicles producing a pattern simulating myofibroblastoma (fascicular PASH) [16] . PASH may also been seen as a component in association with other lesions, particularly hamartomas, fibroadenomas and phyllodes tumors. As one might expect, the main differential diagnosis of PASH is low-grade angiosarcoma. Features in favor of PASH include non-endothelial-lined spaces with no red blood cells (RBCs) and lack of lobular invasion. In contrast, angiosarcomas have endothelial-lined vascular channels with RBCs, and frequently infiltrate into the fat and the lobules. Atypical endothelial cells and mitotic figures are usually features of angiosarcoma but not of PASH. When in doubt, IHC for CD31 and CD34 can lead to a definitive diagnosis. Other vascular lesions of the breast, including hemangiomas and so-called "atypical vascular lesions" [17] , are unlikely to be in the differential diagnosis of PASH because of their unequivocal vascular nature.
V. Myofibroblastoma
A rare benign lesion frequently seen in males, myofibroblastoma appears as a fascicular growth of bland spindle cells separated by hyalinized collagen bands. Several variants have been described, including cellular, collagenized, infiltrative, fatty, myxoid and epithelioid. The key distinguishing features include its small size and circumscription. Ducts/lobules are typically not involved, however, they may be occasionally entrapped (Fig. 6) [2] . 
VI. Inflammatory Myofibroblastic Tumor
Inflammatory myofibroblastic tumor (IMT) is extremely rare in the breast and usually presents as a nodular growth of myofibroblast-like cells in the background of a diffuse lymphoplasmacytic infiltrate and lymphoid follicles, as opposed to focal juxtatumoral lymphoid aggregates seen in fibromatosis. Inflammatory myofibroblastic tumor was originally considered to be an aberrant reactive and/or inflammatory response and was termed inflammatory pseudotumor; however, IMT has been recently shown to be a neoplastic process by evidence of its recurrence, metastasis, and clonal characteristics [18] . Of note, approximately 50% of these tumors are immunoreactive with ALK-1 [18] .
VII. Reactive Spindle Cell Nodule
Reactive spindle cell nodule (RSCN) is commonly seen at other sites, such as in the genitourinary tract and thyroid, with only a few publications documenting its presence in the breast despite frequent biopsy or surgical trauma in the breast [19] [20] [21] . It is characterized by a nodular, noncapsulated proliferation of plump spindle cells arranged in intersecting fascicles. The lesional cells (myofibroblasts) may show mild to moderate nuclear atypia and low mitotic activity, but no atypical forms. These lesions are usually small (up to 1 cm), and frequently associated with the biopsy of papillary or complex sclerosing lesions [19] . Other biopsy-related changes, such as a mixed inflammatory infiltrate, hemosiderin deposition, foamy macrophages and rare giant cells are commonly present simultaneously. Sometimes normal epithelial elements may be entrapped into the proliferating spindle cells, leading to potential misinterpretation as a fibromatosis-like metaplastic carcinoma [19] .
VIII. Angiosarcoma
Non-epithelial malignant spindle cell lesions are extremely rare in the breast. Angiosarcoma, either primary mammary or cutaneous, is the most common primary sarcoma in the breast, and is most frequently post-radiation in nature [22, 23] . The presence of interlacing/freelyanastamosing vascular channels is the key to its recognition (Fig. 7) . Lining endothelial cells range from being quite bland in nature with only subtle atypia (mostly manifested as hyperchromasia only), to highly pleomorphic spindle cells. High grade tumors are more frequently solid with prominent necrosis. The presence of extensive hemorrhagic areas (socalled "blood lakes"), the identification of at least focal anastamosing vascular channels and the expression of endothelial markers by IHC, can be used to distinguish such high grade angiosarcomas from other high-grade sarcomas of the breast [17, 24] . Fig. (7) . Angiosarcoma. In this example, there are anastamosing slit-like vascular spaces lined by hyperchromatic, markedly atypical endothelial cells (hematoxylin and eosin, original magnification X400).
IX. Other Spindle-Cell Neoplasms
There are many other primary spindle cell lesions that rarely arise in the breast, including solitary fibrous tumor/ hemangiopericytoma, dermatofibrosarcoma protuberans, leiomyosarcoma, fibrosarcoma, or malignant fibrous histiocytoma. Malignant melanoma, as well as many metastatic cancers, may also have spindle cell morphology. A detailed description of these entities is beyond the scope of this review. Finally, one should always remember that a spindle cell sarcoma identified on needle core biopsy of the breast may represent the stromal component of a malignant phyllodes tumor, which should be considered in the differential diagnosis.
SUMMARY
Spindle cell lesions of the breast represent a diverse group of reactive and neoplastic entities with overlapping histomorphology, potentially leading to diagnostic difficulty especially in needle core biopsy material. The two most important differential diagnostic considerations are spindle cell (metaplastic) carcinoma and the stromal component of a phyllodes tumor. Careful histologic examination in conjunction with the judicious use of IHC is required in order to reach a correct diagnosis. A definitive diagnosis may be impossible in biopsies with a limited amount of tissue. The salient features of most spindle-cell lesions of the breast are summarized in Table 1 .
